The effect on prediction accuracy for Jersey genomic evaluations of Danish and US bulls from using a larger reference population was assessed. Each country contributed genotypes from 1,157 Jersey bulls to the reference population of the other. Data were separated into reference (US only, Danish only, and combined US-Danish) and validation (US only and Danish
only) populations. Depending on trait (milk, fat, and protein yields and component percentages; productive life; somatic cell score; daughter pregnancy rate; 14 conformation traits; and net merit), the US reference population included 2,720 to 4,772 bulls and cows with traditional evaluations as of August 2009; the Danish reference population included 635 to 996 bulls. The US validation population included 442 to 712 bulls that gained a traditional evaluation between August 2009 and December 2013; the Danish validation population included 105 to 196 bulls with multitrait across-country evaluations on the US scale by December 2013. Genomic predicted transmitting abilities (GPTA) were calculated on the US scale using a selection index that combined direct genomic predictions with either traditional predicted transmitting ability for the reference population or traditional parent averages (PA) for the validation population and a traditional evaluation based only on genotyped animals. Reliability for GPTA was estimated from the reference population and August 2009 traditional PA and PA reliability. For prediction of December 2013 deregressed daughter deviations on the US scale, mean August 2009 GPTA reliability for Danish validation bulls was 0.10 higher when based on the combined US-Danish reference population than when the reference population included only Danish bulls; for US validation bulls, mean reliability increased by 0.02 when Danish bulls were added to the US reference population. Exchanging genotype data to increase the size of the reference population is an efficient approach to increasing the accuracy of genomic prediction when the reference population is small. Key words: Jersey, genomic evaluation, Denmark, reference population, reliability
Short Communication
An important factor that affects the accuracy of genomic evaluations is the size of the reference population (Daetwyler et al., 2008; Goddard, 2009) . In dairy cattle, reference populations are composed primarily of progeny-tested bulls because they have reliable phenotypic information from a large group of daughters. However, for a single country and for breeds other than Holstein, the number of progeny-tested bulls may be too small to achieve reliabilities for genomic evaluations near those for Holsteins. One effective approach to increase the size of the reference population has been to share animal genotypes (Schenkel et al., 2009; VanRaden et al., 2009a,c; Jorjani et al., 2011; Lund et al., 2011; VanRaden et al., 2012; Zhou et al., 2013; . Canada and the United States have shared genotypes for all dairy cattle breeds since 2007 (Wiggans et al., 2009 ). Since then, those North American collaborators have also shared Holstein genotypes with the United Kingdom and Italy (VanRaden et al., 2012) and Brown Swiss genotypes with Germany, Austria, and Switzerland (Wiggans et al., 2010a (Wiggans et al., , 2011 and later with other Interbull participants through the InterGenomics project (Jorjani et al., 2011 (Lund et al., 2011) .
Danish Jersey is a small dairy cattle population. Only about 1,200 to 1,400 progeny-tested bulls (depending on trait) are used as a reference population for genomic evaluation . Because of the small size of the reference population, accuracy of genomic prediction for Danish Jerseys (Thomasen et al., 2012 ) is much lower than that for Danish Holstein (Su et al., 2010) and Nordic Red Cattle populations . At the beginning of December 2013, the reference population in the United States for predicting Jersey SNP effects included 3,041 bulls and 15,662 cows from the United States and Canada, which is substantially smaller than the corresponding Holstein reference population (24,547 bulls and 60,658 cows). Later in December 2013, genotypes for Jersey bulls were exchanged between Denmark, the United States, and Canada to create larger reference populations for genomic prediction in each country (Wiggans et al., 2014b) . The objective of this study was to determine the effect on prediction accuracy of US and Danish genomic evaluations for performance on the US scale from using the larger Jersey reference population.
The United States and Denmark contributed genotypes from 1,157 Jersey bulls to the reference population of the other. Jersey bulls and cows with genotypes in the US genomic database had been genotyped with the Illumina BovineSNP50 (SNP50; Illumina Inc., 2011a), Illumina Bovine3K (Illumina Inc., 2011b), Illumina BovineHD (Illumina Inc., 2010), Illumina BovineLD (Illumina Inc., 2013), GeneSeek Genomic Profiler (versions 1 and 2; Neogen Corporation, 2013a), or GeneSeek Genomic Profiler HD (Neogen Corporation, 2013b) BeadChips; Danish Jersey bulls had been genotyped with the SNP50 chip. All genotypes were imputed using the findhap.f90 program (VanRaden, 2015) to the common set of 61,013 SNP (45,195 from the SNP50 chip plus 15,818 from the GeneSeek Genomic Profiler HD chip) described by Wiggans et al. (2014a) . That SNP set had been chosen based on SNP performance criteria such as minor allele frequency, parent-progeny conflicts, call rate, and correlation with other SNP (Wiggans et al., 2010b (Wiggans et al., , 2014a .
The data were separated into reference and validation populations based on the availability of a traditional evaluation as of August 2009 (Table 1) Genomic predictions were calculated using an algorithm that solved directly for marker effects using the Bayes A approximation of VanRaden (2008) . The dependent variable for analysis was the deregressed daughter deviation, where the deregression factor was computed from total daughter equivalents minus daughter equivalents from parent average (PA; VanRaden et al., 2009b) . The SNP accounted for 90% of total additive genetic variance; 10% was assigned to residual additive genetic variance. Genomic PTA (GPTA) were calculated using a selection index that combined direct genomic predictions with either traditional PTA for the reference population or traditional PA for the validation population and a traditional evaluation based on only genotyped animals (VanRaden et al., 2009b) . Maximum weights for the direct genomic predictions were limited to 0.80 for yield traits, 0.85 for health and fertility traits, and 0.90 for type traits to improve regression of later performance on earlier prediction.
Following VanRaden et al. (2009b) , genomic reliabilities were calculated from coefficients of determination for 2013 daughter deviations with 2009 predictions after adjusting for error variance in the daughter deviations and for prior selection on pedigree. Coefficients for regression of December 2013 daughter deviations on August 2009 GPTA (VanRaden, 2008 were also calculated.
The addition of Danish bulls to the US reference population changed the mean coefficient for regression of deregressed daughter deviations on GPTA only slightly (from 0.94 to 0.95) for the US validation population (Table 2) ; deviation from the expected value of 1.00 increased from 0.10 to 0.11. However, the addition of US bulls to the Danish reference population reduced the mean regression coefficient for the Danish validation population from 1.11 to 1.06 and the deviation from expected from 0.29 to 0.19.
For August 2009 evaluations of US validation bulls, reliability for traditional PA ranged from 0.23 (udder depth) to 0.39 (milk, fat, and protein yields and fat and protein percentages), with a mean of 0.33 across traits (Table 3) . Reliabilities of GPTA for those bulls based on the US reference population ranged from 0.37 [rear 3511 legs (side view)] to 0.73 (fat percentage) and averaged 0.51, which was much higher than the mean reliability for PA (0.18). For individual traits, the largest reliability gain for GPTA compared with PA was 0.34 for fat percentage, and the smallest gain was 0.09 for rear legs (side view). The addition of Danish Jerseys to the US reference population increased mean GPTA reliability by 0.02; the magnitude of genomic reliability differences for individual traits generally was ≤0.02, with the exception of a reliability gain of 0.03 for daughter pregnancy rate and rump angle; 0.04 for SCS, rear legs (side view), udder depth, and front teat placement; and 0.05 for teat length. For August 2009 evaluations of Danish validation bulls on the US scale (Table 3) , reliability for traditional PA ranged from 0.18 (final score) to 0.30 (yield and component traits), with a mean of 0.26 across traits. Reliabilities of GPTA for those bulls based on the Danish reference population ranged from 0.23 (foot angle) to 0.70 (fat percentage) and averaged 0.43, which again was much higher than the mean reliability for PA (0.17). For individual traits, the largest reliability gain for GPTA compared with PA was 0.40 for fat percentage, and the smallest gain was 0.02 for foot angle. The addition of US Jerseys to the Danish reference population increased mean GPTA reliability by 0.10 for Danish validation bulls. Most traits had reliability gains [0.05 for rear legs (side view) to 0.28 for udder depth], productive life had no gain, and 3 traits had losses (0.02 for final score, 0.03 for daughter pregnancy rate, and 0.12 for strength). The reliability gain for GPTA on the Danish scale that was observed in Denmark after the exchange of US and Danish Jersey bull genotypes was lower than that shown in Table 3 for performance on the US scale and using a combined US-Danish reference population that included all US bulls and cows. Su et al. (2014) reported gains from 0.016 (fertility) to 0.125 (udder conformation) in genomic reliability over traditional PA when US Jersey bulls were added to the Danish reference population; only longevity had a reliability loss (0.056), and mean change in reliability over all traits was 0.040.
The substantial gain in reliability for Danish GPTA on the US scale after combining the US and Danish reference populations was likely the result of several factors. The Danish reference population was much smaller than the US reference population and, therefore, affected more by the addition of many new reference animals. The validation bulls selected may also have affected reliability gains. Although the number of Danish validation bulls was much smaller than the number of US validation bulls, the Danish bulls were required to have daughters in ≥10 herds, whereas the US bulls were only required to have ≥10 daughters. In January 2014, SNP50 genotypes for 1,168 progeny-tested Danish Jersey bulls that were provided by VikingGenetics (Randers, Denmark) were used in US monthly GPTA updates (Cooper et al., 2014) . Correlations between GPTA for young animals with or without Danish genotypes included in the reference population were near 0.99 for most yield and type traits but slightly lower (0.97-0.98) for the less-heritable fitness traits. For all Jersey traits, US means and standard deviations for January 2014 GPTA changed little with the inclusion of Danish genotypes.
The exchange of 1,157 Jersey bulls doubled the size of the Danish Jersey reference population, led to a large improvement in accuracy of genomic prediction for Danish Jerseys on the US scale, and had a smaller effect for US Jerseys. Exchanging genotype data to increase the size of the reference population is an efficient approach to increasing the accuracy of genomic prediction when the reference population is small.
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